inert carriers and other components to facilitate handling and application for particular 
target pests. The formulation and application procedures are all well known in the art and 
are used with commercial strains of B. thuringiensis (HD-1) active against Lepidoptera, 
e.g., caterpillars. 

5 

43 Recombinant Host Cells For Expressing the cryIC* Genes 

The nucleotide sequences of the subject invention can be introduced into a wide 
variety of microbial hosts. Expression of the toxin gene results, directly or indirectly, in 
the intracellular production and maintenance of the pesticide. With suitable hosts, e g, 

10 Pseudomonas, the microbes can be applied to the sites of lepidopteran insects where they 
will proliferate and be ingested by the insects. The result is a control of the unwanted 
insects. Alternatively, the microbe hosting the toxin gene can be treated under conditions 
that prolong the activity of the toxin produced in the cell. The treated cell then can be 
applied to the environment of target pest(s). The resulting product retains the toxicity of 

1 5 the B. thuringiensis toxin. 

Suitable host cells, where the pesticide-containing cells will be treated to prolong 
the activity of the toxin in the cell when the then treated cell is applied to the environment 
of target pest(s), may include either prokaryotes or eukaryotes, normally being limited to 
those cells which do not produce substances toxic to higher organisms, such as mammals. 

20 However, organisms which produce substances toxic to higher organisms could be used, 
where the toxin is unstable or the level of application sufficiently low as to avoid any 
possibility or toxicity to a mammalian host. As hosts, of particular interest will be the 
prokaryotes and the lower eukaryotes, such as fungi. Illustrative prokaryotes, both Gram- 
negative and Gram-positive, include Enter obacteriaceae, such as Escherichia, Erwinia, 

25 Shigella, Salmonella, and Proteus; Bacillaceae; Rhizobiceae, such as Rhizobium; 
Spirillaceae, such as photobacterium, Zymomonas, Serratia, Aeromonas, Vibrio, 
Desulfovibrio, Spirillum; Lactobacillaceae; Pseudomonadaceae, such as Pseudomonas 
and Acetobacter; Azotobacteraceae, Actinomycetales, and Nitrobacteraceae. Among 
eukaryotes are fungi, such as Phycomycetes and Ascomycetes, which includes yeast, such 
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as Saccharomyces and Schizosaccharomyces; and Basidiomycetes yeast, such as 
Rhodotorula, Aureobasidium, Sporobolomyces, and the like. 

Characteristics of particular interest in selecting a host cell for purposes of 
production include ease of introducing the B. thuringiensis gene into the host, availability 
5 of expression systems, efficiency of expression, stability of the pesticide in the host, and 
the presence of auxiliary genetic capabilities. Characteristics of interest for use as a 
pesticide microcapsule include protective qualities for the pesticide, such as thick cell 
walls, pigmentation, and intracellular packaging or formation of inclusion bodies; leaf 
affinity; lack of mammalian toxicity; attractiveness to pests for ingestion; ease of killing 
10 and fixing without damage to the toxin; and the like. Other considerations include ease 
of formulation and handling, economics, storage stability, and the like. 

Host organisms of particular interest include yeast, such as Rhodotorula sp. t 
Aureobasidium sp, Saccharomyces sp., and Sporobolomyces sp.; phylloplane organisms 
such as Pseudomonas sp., Erwinia sp. and Flavobacterium sp.; or such other organisms 
15 as Escherichia, Lactobacillus sp. t Bacillus sp. t Streptomyces sp., and the like. Specific 
organisms include Pseudomonas aeruginosa, Pseudomonas fiuorescens, Saccharomyces 
cerevisiae, Bacillus thuringiensis, Escherichia coli t Bacillus subtilis, Bacillus 
megaterium, Bacillus cereus, Streptomyces lividans and the like. 

Treatment of the microbial cell, e.g., a microbe containing the B. thuringiensis 
20 toxin gene, can be by chemical or physical means, or by a combination of chemical 
and/or physical means, so long as the technique does not deleteriously affect the 
properties of the toxin, nor diminish the cellular capability in protecting the toxin. 
Examples of chemical reagents are halogenating agents, particularly halogens of atomic 
no. 1 7-80. More particularly, iodine can be used under mild conditions and for sufficient 
25 time to achieve the desired results. Other suitable techniques include treatment with 
aldehydes, such as formaldehyde and glutaraldehye; anti-infectives, such as zephiran 
chloride and cetylpyridinium chloride; alcohols, such as isopropyl and ethanol; various 
histologic fixatives, such as LugoFs iodine, Bourn' s fixative, and Helly's fixatives, (see 
e.g., Humason, 1967); or a combination of physical (heat) and chemical agents that 
30 preserve and prolong the activity of the toxin produced in the cell when the cell is 
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administered to the host animal. Examples of physical means are short wavelength 
radiation such as y-radiation and X-radiation, freezing, UV irradiation, lyophilization, and 
the like. The cells employed will usually be intact and be substantially in the 
proliferative form when treated, rather than in a spore form, although in some instances 
5 spores may be employed. 

Where the B. thuringiensis toxin gene is introduced via a suitable vector into a 
microbial host, and said host is applied to the environment in a living state, it is essential 
that certain host microbes be used. Microorganism hosts are selected which are known to 
^occupy the "phytosphere" (phylloplane, phyllosphere, rhizosphere, and/or rhizoplane) of 

10 one or more crops of interest. These microorganisms are selected so as to be capable of 
successfully competing in the particular environment (crop and other insect habitats) with 
the wild-type microorganisms, provide for stable maintenance and expression of the gene 
expressing the polypeptide pesticide, and, desirably, provide for improved protection of 
the pesticide from environmental degradation and inactivation. 

15 A large number of microorganisms are known to inhabit the phylloplane (the 

surface of the plant leaves) and/or the rhizosphere (the soil surrounding plant roots) of a 
wide variety of important crops. These microorganisms include bacteria, algae, and 
fungi. Of particular interest are microorganisms, such as bacteria, e.g., genera Bacillus, 
Pseudomonas, Erwinia, Serratia. Klebsiella, Zanthomonas, Streptomyces, Rhizobium, 

20 Rhodopseudomonas, Methylophilius, Agrobacterium, Acetobacter, Lactobacillus, 
Arthrobacter, Azotobacter, Leuconostoc, and Alcaligenes; fungi, particularly yeast, e.g., 
genera Saccharomyces, Cryptococcus, Kluyveromyces, Sporobolomyces, Rhodotorula, 
and Aureobasidium. Of particular interest are such phytosphere bacterial species as 
Pseudomonas syringae, Pseudomonas fluorescens, Serratia marcescens, Acetobacter 

25 xylinum, Agrobacterium tumefaciens, Rhodobacter sphaeroides, Xanthomonas 
campestris, Rhizobium melioti, Alcaligenes eutrophus, and Azotobacter vinlandii; and 
phytosphere yeast species such as Rhodotorula rubra, R. glutinis, R. marina, R. 
aurantiaca, Cryptococcus albidus, C. diffluens, C. laurentii, Saccharomyces rosei, S. 
pretoriensis, S. cerevisiae, Sporobolomyces roseus, S. odorus, Kluyveromyces veronae, 

30 and Aureobasidium pollulans. 
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